Introduction
Orthotopic heart transplantation (HTx) continues to be the only curative therapeutic option for patients with end-stage heart failure, despite significant progress in the field of medical and resynchronization therapy, the development of surgical circulatory support devices, and promising experimental approaches in the field of regenerative medicine (e.g., stem cell research, tissue engineering). 1 Unfortunately, however, there has been an imbalance between the number of patients listed for HTx and available donor hearts. 2 In as a bridge to transplant (BTT). 7 However, patients who are on mechanical circulatory support (MCS) have no allocation priority and can only be HU listed in case of MCS-related complications or MCS failure. Therefore, it remains controversial whether or not MCS is able to improve survival in HTx candidates. 8 Because of the poor clinical outcome in patients with biventricular assist device (BVAD) or total artificial heart (TAH) implants, 9 the current strategy is to prefer left ventricular assist device (LVAD) implants and, if necessary, to perform extracorporeal membrane oxygenation (ECMO).
This study, therefore, aimed to compare clinical outcomes of patients with end-stage heart failure who received LVAD implants as BTT and those who were HU listed for HTx.
Methods Patients
For this retrospective single-center study, 791 consecutive end-stage heart failure patients aged > 15 years who were admitted to our institution from November 2005 to November 2012 (►Fig. 1) were considered. Of these 791 patients, 274 patients were HU listed (designated HU group) and 517 patients received MCS implants. We excluded 82 patients with MCS support from data analysis because they initially received destination therapy. Additional 103 patients were excluded because they had BVAD or TAH implants, leaving 332 patients with LVAD implants who were included in the data analysis (designated LVAD group). In accordance with Eurotransplant, 10 the following criteria were used for HU listing: inotropic support therapy with dobutamine > 7.5 µg/kg/min or milrinone > 0.5 µg/kg/min for at least 48 hours, venous oxygen saturation (SVO 2 ) < 55%, cardiac index < 2.2 L/min/m 2 , pulmonary capillary wedge pressure > 10 mm Hg, sodium < 136 mmol/L, creatinine increase despite maximal heart failure treatment, increase in transaminase concentrations, or cerebral perfusion deficit. In line with international recommendations, 11 patients received LVAD implants as a BTT in case of failing maximal medical, surgical, and/or pacemaker/defibrillator therapies and high risk of dying before receiving HTx. The decision for HU listing or LVAD implants was made in weekly institutional and interdisciplinary expert conferences.
Endpoints
Primary endpoint was overall survival within 1-year of HU listing or LVAD implantation. Secondary endpoints were the probability of HTx and freedom from therapy failure (the need for MCS implantation in the HU group or the need for HU listing in the LVAD group) during follow-up.
Statistical Analysis
Continuous data are presented as mean values and standard deviation (SD) or median and interquartile range when appropriate. Normal distribution of data was tested using the Kolmogorov-Smirnov test and was assumed if p-values were > 0.05. We used the Student t-test and the Mann-Whitney U test to test for differences between the groups. Categorical data are expressed as numbers (percentage) and the chi-square test was performed to test for differences between the groups. The probability of 1-year survival and event-free survival was calculated using Kaplan-Meier estimates as a function of time. The log-rank test was used to test for statistical differences between the groups. The statistical analyses were performed according to the intention-to-treat principle. Some patients in the HU and LVAD groups were removed from the transplant list because of significant improvement or worsening of the clinical status, switch to destination therapy, or other reasons, such as malignancy, psycho-social instability, drug and nicotine or alcohol abuse. These patients were censored at the time the event occurred. We also performed propensity score (PS)-adjusted Cox regression analysis to evaluate the association of the study groups with 1-year mortality and secondary endpoints. Data are expressed as hazard ratio (HR) with 95% confidence interval (CI). The PS-adjusted analyses were performed to control for selection bias due to the result of nonrandom group assignment. The PS derivation model was constructed using multivariable logistic regression, with study group as the binominal dependent variable and the preoperative anthropometric and clinical variables listed in ►Table 1 as predictor variables. The model's reliability and predictive ability were measured using the Hosmer-Lemeshow test and the c-index, respectively.
p-values < 0.05 were considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics, version 20 (IBM Corp., Armonk, New York, United States).
Results

Baseline Characteristics
Baseline characteristics are summarized in ►Table 1, broken down by study group. In detail, the vast majority of patients were Caucasians. Groups were comparable regarding systolic pulmonary pressure and the prevalence of previous cardiac surgery. However, age, weight, heart rate, percentage of males, and prevalence of INTERMACS level 1 or 2 were significantly higher, and systolic arterial pressure and End-Stage Heart Failure Strategy Sunavsky et al.
ejection fraction significantly lower in the LVAD group than in the HU group. In addition, the prevalence of dilated cardiomyopathy and infection was higher in the LVAD group than in the HU group. The high prevalence of infections in both the groups was because of poor hemodynamic condition leading to congestive pneumonia and other secondary infections. Most biochemical parameters differed significantly between the groups, with the exception of sodium and uric acid. The LVAD group needed more ECMO implants, more mechanical ventilatory support, but less pacemaker or defibrillator support than the HU group.
The PS ranged from a low of 0.03495 to a high of 1.0000. The PS model was reliable (Hosmer-Lemeshow test, p ¼ 0.094) and discriminate (c-statistic ¼ 0.88, 95% CI: 0.86-0.91). End-Stage Heart Failure Strategy Sunavsky et al. 649
In the LVAD group, the majority of patients received Heart-Mate II (Thoratec Corp., Peasanton, California, United States; n ¼ 131) and HeartWare (HVAD, HeartWare International Inc. Framingham, Massachusetts, United States; n ¼ 95) implants. The remaining LVAD patients received DuraHeart (Terumo Heart Inc., Ann Arbor, Michigan, United States; n ¼ 52), Ventracor (Ventracor Ltd., Chatswood, New South Wales, Australia; n ¼ 40), and others (n ¼ 14).
During follow-up, three patients in the HU group were censored because of good condition, such as improvement of hemodynamics or reduction of inotropic support, and three patients because of bad condition, such as increased lactate levels or need for vasopressor therapy. In the LVAD group, patients were censored because of bad condition (n ¼ 15), destination therapy (n ¼ 13) because of contraindication for HTx, such tumor diagnosis or irreversible pulmonary hypertension, and other reasons (n ¼ 6), such as psychosocial instability, alcohol or drug abuse.
Primary Endpoints
Unadjusted 1-year overall survival was 86.8% in the HU group and 64.7% in the LVAD group (p < 0.001). The PS-adjusted HR of 1-year mortality is illustrated in ►Fig. 2 and, with the HU group as reference group, for the LVAD group was ¼ 1.36 (95% CI: 0.85-2.19; p ¼ 0.198). In sensitivity analysis, we compared 1-year survival in the HU group with the entire MCS group (332 LVAD, 49 BVAD, and 54 TAH patients, see ►Fig. 1). The PS-adjusted HR of 1-year mortality, with the HU group as reference group, for the entire MCS group was ¼ 1.68 (95% CI: 1.08-2.62; p ¼ 0.022). In the MCS group, 1-year survival in patients with implants of LVADs, BVADs, and TAHs was 64.7, 40.1, and 34.4%, respectively (p < 0.001).
Secondary Endpoint
Unadjusted 1-year probability of HTx was 79.5% in the HU group and 20.5% in the LVAD group (p < 0.001). The PSadjusted HR of the failure to receive HTx is presented in ►Fig. 3 and, with the HU group as reference group, for the LVAD group was ¼ 9.77 (95% CI: 6.00-15.89; p < 0.001).
In the HU group, 199 patients were transplanted and 6 died during follow-up. In the LVAD group, 26 patients were transplanted of whom 5 patients died during follow-up. Unadjusted freedom from therapy failure was 78.1% in the HU group and 88.6% in the LVAD group (p ¼ 0.016). The PS-adjusted HR for therapy failure was markedly lower in the LVAD group than in the HU group (HR ¼ 0.16, 95% CI: 0.10-0.27; p < 0.001) (►Fig. 4). In the HU group, 57 patients received MCS implants (35 LVAD, 16 BVAD, and 6 TAH implants) of whom 17 patients died during follow-up. In the LVAD group, 38 patients were HU listed of whom 10 patients died during follow-up.
Discussion
To the best of our knowledge, this is the first study comparing clinical outcomes of HU-listed patients with patients receiving LVAD support in end-stage heart failure. The principal finding of this study is that within 1 year of HU listing or LVAD implantation, PS-adjusted mortality did not differ significantly between the groups. Moreover, compared with the LVAD group, PS-adjusted probability of HTx was markedly higher in the HU group, whereas PS-adjusted therapy failure was significantly higher in the HU group than in the MCS group.
LVAD implantation is an important treatment option for improving survival in patients with end-stage heart failure. 12, 13 Therefore, LVAD implants are increasingly used as a BTT. 7 In the HU group of our study, 21% of the patients were switched to LVADs and other MCSs and this opportunity was certainly crucial for acceptable 1-year survival. Stabilization of the hemodynamic condition by LVAD implantation may also have contributed to the similar 1-year survival of the LVAD group compared with the HU group, despite the considerably higher probability of HTx in the latter group. It is, however, also noteworthy that we did not study long-term clinical outcomes. Currently, 5-year survival is less than 50% in patients with LVAD implants, 9 whereas in HTx patients median survival exceeds 10 years. 14 Therefore, it is important that a clinic can offer both HTx and MCS implants. Results of our sensitivity analysis support the strategy of using BVAD or TAH implants very restrictively, as 1-year survival of the MCS group worsened considerably by including patients with BVAD and TAH implants into the statistical analysis.
The problem with the current allocation system in Europe is that, because of donor heart shortage and long waiting times, most patients with INTERMACS levels 1 and 2 need LVAD implants as a BTT. However, patients in HU status are prioritized over T-listed and LVAD patients without complications. 15 Currently, patients in Germany without HU status hardly have any chance of receiving HTx. In our study, transplant outcome was excellent and only relatively few LVAD patients were forwarded to HTx. Therefore, it is our clinical strategy to delay LVAD implantation for as long as possible, thereby hoping that the probability of receiving a donor heart in HU status would increase. Hence, it is our policy to prefer urgent HTx and to limit LVAD implantation to those patients who would otherwise inevitably develop cardiogenic shock and multiorgan failure. Our results show that, when following this strategy, patients primarily listed as HU have similar survival outcomes compared with patients primarily receiving LVAD, despite the HTX-associated complication risks and the higher chances of therapy failure. In 2008, the probability of receiving a donor heart within 1 year was 25% for LVAD patients in Europe. 16 Our findings of 21% HTx probability in LVAD patients are comparable with the earlier results. In line with our data, Uriel et al 7 have demonstrated that in LVAD patients LVAD-related complications/ malfunctions comprise the majority of transplant recipients.
It has been suggested that despite improved technology, the prognosis after LVAD implantation is not comparable with that after HTx. 17 Although our data do not support this hypothesis with regard to 1-year survival, the current strategy of LVAD implantation as a BTT needs to be reconsidered. The solution might be the new Eurotransplant heart allocation policy. The new Cardiac Allocation Score is based on different risk score models: the Seattle Heart Failure Model (SHFM) and the Index for Mortality Prediction after Cardiac Transplantation (IMPACT) score. SHFM and IMPACT should provide accurate risk stratification for urgency of HTx, as well as success after HTx. 1 In general, patients with a high risk of dying without a transplant are prioritized, but only if they have an expected survival after HTx that exceeds the expected survival on the waiting list. 4 Besides a new heart allocation policy, donor heart shortage also needs to be urgently addressed. In 2013, heart donation rates per million population (PMP) were nearly twice as high in Austria (7.6 PMP) and Belgium (6.7 PMP), compared with those in Germany (3.9 PMP) and the Netherlands (2.2 PMP). 6 Notably, organ donation rates have nearly doubled in Belgium within 2 years after the implementation of the new law in 1987. 18 The legislative system for organ donation has been analyzed in several European countries. 18 Type of legislation was an independent factor of differences in donation rates between countries. However, others 19 have also pointed to the multifactorial character of the donation process. According to their conclusion, national legislations alone are unlikely to explain variations in donation rates between countries. A combination of legislation, potential of medically suitable donors, investments in health care and infrastructure, underlying public attitudes, religion, and education may play a role. 20 This study has some limitations. First, it is a retrospective investigation. Even PS-adjustment cannot definitively rule out that unidentified factors have influenced study outcomes. Second, results are only valid for mid-term survival. Third, our LVAD patients were only eligible for HU status when lifethreatening complications occurred. This situation has profound consequences on the chance of receiving HTx.
In conclusion, our data indicate similar 1-year survival in HU-listed patients and patients undergoing LVAD implants as a BTT. In addition, the probability of receiving HTx is higher and freedom from therapy failure is lower in HU-listed patients than in LVAD patients. Data support the assumption that a new HTx allocation system and campaigns to reduce donor organ shortage are needed.
